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ABSTRACT

Prescribed fire provides many benefits in southern
pine stands. A study begun in 1946 provides a unique
opportunity to observe long-term changes in understorK
vegetation, soil properties, and overstory tree grow
caused by repeated burning.

Keywords:  Backing fire, headfire, understory
har dwoods, nitrogen, phosphorus, calcium basal area

[ nt roducti on

Fire has been a major ecological force in
the evol ution of southern forests. As a result,
plant conmmunities in the South not only tolerate
fire, but actually require it to exist (Cooper
1961). Evidence of early fires can be found as
buried | ayers of charcoal in peat beds (Cooper
1961),in scars from lightning strikes on
petrified trees (Komarek 1974), and in the
witings of early travelers (Bartram 1791).
Indians and early European settlers often used
fire to drive game and inprove habitat for both
wild and donestic animals. These fires also
hel ped control insects and dense underbrush

Today, prescribed fire--fire set under
planned conditions to acconplish specific
management objectives--is an accepted tool for
the mnagenent of southern pine forests. Like
the Indians and early settlers, foresters use
fire to inprove habitat for wld and domestic
animls and to control the density of understory
veget ation. Prescribed burning provides severa
benefits to forest managenent: it consunes
living and dead fuels (fig. 1), reducing the
incidence and damage of wldfires; it can
inprove growh rates of overstory pines by
killing vegetation that woul d ot herw se conpete
for water and nutrients; it prepares sites for
seeding or planting; and it controls certain
diseases of pines. During the past decade, the
area prescribed burned each year in the South
has increased from 08mllion ha to over 2
mllion ha (\Wade 1985).




Figure 1;--Lom+fﬁtehé|tyH pkéséribéd’ Fires
provide nultiple benefits for southern
pine forests

Even though prescribed burning is accepted
today, its wdespread use is relatively new
Fire protection policies of the U S. Departnent
of Agriculture, Forest Service, State forestry
agencies, and forest industry prevented the use
of prescribed fire in the early decades of the
20th century. Even [light burning was prohibited
on the newy established national forests of the
South.  Prescribed burning for fuel reduction
gai ned acceptance in the 1940's and 1950's, but
only after a series of wildfires showed the
di sastrous consequences of fire exclusion (Pyne
1982). As fire use in southern forests
increased, so did the need for a better under-
standing of its long-termeffects on forest
ecosyst ens.

An ongoi ng experinent by the Southeastern
Forest Experinent Station is providing the nost
conpr ehensi ve avail abl e information about
changes to sout hern pine ecosystens caused by
repeated burning over a long period. The
experinent, known as the Santee Fire Plot Study,
was established in 1946.This paper summarizes
the observed effects on understory vegetation
soil properties, and overstory tree growh
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Description of the Study

Study plots are on the Santee Experinenta
Forest in Berkeley County, SC, and on the
Vest vaco Wodl ands i n nei ghboring Geor getown
county.  Both areas are on a Pleistocene terrace
on the [ower Coastal Plain at 7.5 to 9.0 m above
sea level. Soils include a variety of series
but are generally described as poorly drained
Utisols of mediumto heavy texture. Soils are
consi dered productive with a site index of 27 to
30 m for loblolly pine at age 50. |n 1946,
forests of both study sites consisted of
unmanaged, but wel|-stocked, even-aged stands of
loblolly pine. The Santee stand was 42 vyears
old when the study was initiated, while the
VWestvaco stand was 36 years old. Both stands
had resulted fromnatural regeneration after

| 0ggi ng.

Six treatment plots, 0.1 ha in size, were
established in each of five replications. Three
replications are on the Santee Experinenta
Forest and two are on the Wstvaco woodl ands
Treatnents include: (1) periodic winter
burning, (2) periodic summer burning, (3)
bi enni al sumrer burning, (4) annual w nter
burning, (5) annual sumrer burning, and (6) an
unburned  control

Al'l wi nter burning was done on Decenber 1 or
as soon afterward as weather permitted.  Summer
burning was done on or soon after June 1.

Annual  burning has continued since Decenber 1946
for a total of 41 consecutive years. Periodic
burns are conducted when 25 percent of the
understory hardwood stens reach 2.5 cmin
dianeter at breast height (d.b.h.,). This
prescription has resulted in variable burning
intervals ranging from 3 to 7 years. At
present, seven periodic burns have been con-
ducted.  Biennial summer burning was added to
the study in 1951 and it has been done 19 times
to date.

Burning techniques were selected to ensure
conplete coverage of the plot by fires of the
| owest practical intensity. Selection was nade




at the time of burning based on prevalent fuel
and weather conditions. In general, backing
fires (slow noving, cool fires that back into
the wind) were used on periodically burned plots
having thick underbrush or when hot and dry
weat her increased the risk of high-intensity
fires. Headfires (fast-moving fires burning in
the same direction as the wind) or strip head-
fires (several headfires parallel to each other)
were used on annually burned plots with little
under brush and when fuels were too noist to
support a backing fire

Understory Vegetation

Since fire has been a component of southern
forests for mllennia, nost native plants have
adapted to its presence and are not eradicated
by prescribed fires. However, density of each
species can be affected. Because different
pl ant species have different adaptive strategies
to fire, the various conbinations of season and
frequency of burning on the Santee fire plots
have produced obvious differences in structure
and species conposition of understory vegetation

(fig. 2).

Unburned control plots (fig. 2A) have been
undi sturbed for approximtely 80 years. Under-
story vegetation consists alnost entirely of
large tree and shrub species adapted to |iving
in the shade of overstory pines. Practically
every size class of hardwoods from2.5 to 50 cm
d.b.h. is represented in control plots.

Periodic winter burns (fig. 2B) and periodic
summer burns (fig. 20 have created two distinct
size classes of understory vegetation. Hard-
woods over 15cmd.b.h. are as comon on peri-
odical ly burned plots as they are on unburned
controls. At the beginning of the study, these
trees were old enough to be protected by thick
bark and tall enough that their buds were above
the intense heat of the first fire. Understory
har dwoods over 15cm d.b.h. have survived on all
treatment plots. The other common size class is
conposed of stens less than 5cmd.b.h. The
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Unbur ned Contr ol B. Periodic Wnter Burn

Burn D. Annual Wnter Burn

E. Biennial Summer Burn F. Annual Sunmer Burn

Figure 2. --Understory vegetation on the

Santee fire plots after 36to 41years of
prescribed burning by various combinations
of season and frequency.




aboveground portions of these trees are
generally too snmall to survive nost fires, but
their root systems survive and produce sprouts
after each fire. Burns have been frequent
enough to prevent the growth of sprouts into a
larger size class. Only a few individuals
between 5and 15cm are present on periodically
burned plots. Trees of this size class are
susceptible to top-kill from occasional flareups
or hotspots in the fire. Since hotspots occur
more often during the sumer, fewer trees of
this intermediate size class have survived in
plots burned in the sunmer than in those burned
In the wnter.

Study plots burned annually in wnter (fig.
2D) or biennially in sumer (fig. 2E) have large
nunbers of hardwood and shrub stens Iess t han

1 mtall. During each fire, these stems are
top-killed. However, both of these treatnents
allow the vegetation at |east one full grow ng
season to recover from fire. Mwny root systens
survived these treatnments and resprouted.

Bi ennial summer burns generally led to greater
coverage by grasses than annual wnter burns.

Annual sumer burning has nearly elimnated
understory woody vegetation (fig. 2F). Burning
has been frequent enough and of sufficient
intensity to kill root systens of all hardwood
and shrub species, and the understory is dom-
nated almost entirely by grasses and forbs.
Seedl ings of hardwood and shrub species appear
occasionally, but they do not survive the next
fire.

The Sout heastern Forest Experiment Station
has nmonitored changes in understory vegetation
caused by burning since the study was estab-
lished.  Previous descriptions of various
vegetative characteristics have been given by
Chai ken (1949), Cushwa and others (1966), Lew s
and Harshbarger (1976),and Lotti and others
(1976). The nost recent survey of understory
characteristics was conpleted by Langdon (1981)
after 30years of prescribed burning. The
understory has changed little since the 30th
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year of the study, so Langdon's results are
summarized here

The total number of hardwood stems |ess than

2.5 cmd.b.h. has been significantly increased
by nost burning treatments (fig. 3).In gen-
eral, the greater the frequency of burning the
greater the nunber of small hardwood stens.
When fires top-kill small trees, surviving root
systens often produce multiple sprouts, causing
a net increase in the total nunmber of stens per
hectare. ~ Nunbers of sweetgum one of the nost
prolific sprout-producing species in the South-
east, changed nost dramatically. Total nunber
of stems of all species in annual wnter burn
plots is nearly five times greater than in
unburned plots. The exception to this trend is
annual  sumer burning. Top-kill early in the
grow ng season halts carbohydrate production
when carbohydrate reserves normally in the root
system are at their lowest levels. When summer
burns are repeated annual Iy, carbohydrate
reserves are eventually depleted and root
systems die. The only small hardwoods present
after annual summer burns are those germnated
from seed between fires.

50r

L

Misc. Hardwoods

40 P22 ooks
- - Blackgum FOUTLO,
30} E::l Sweetgum wann

WY

Stems (1,000/ ha)

HANDBV00D
/7747777 B R TIREY

Control . Periodic Periodic Annual Biennial Annuat
Winter Summer Winter Summer Summer

Burning  Treatment

Figure 3.--Nunmber of understory hardwoodsl ess
than 2,5 cmd.b.h. after 30years of prescribed
burning by treatment and species group
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% 15-20 cm d.b.h.
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Figure 4. --Dianeter distribution of all
understory hardwoods over 5cmd.b.h. by
burning treatment after 30years of
prescribed  burning.

The number of stems in all diameter classes
over 5cmd.b.h. was reduced by all burning
treatnents (fig. 4). Control plots had over 900
stens per ha between 5and 10 cm d.b.h.,
conpared with 140 or less in all burned plots
after 30years of treatnent. The reduction in
numbers is | ess obvious in larger diameter
cl asses. Control plots had 220 stenms per ha 10
to 15cm d.b.h., conpared with 1450r less in
burned plots. Trees in this size class were
tall enough and had sufficient bark thickness to
survive nost low intensity burns. However,
| ocal i zed hotspots of sufficient intensity to
kill these larger trees occur occasionally. For
har dwoods over 15cm d.b.h., there are no
obvious differences in stemnunbers between
control plots and plots subjected to wnter
bur ni ng. Wnter prescribed burns rarely
produced | ethal tenperatures for the cambium or
buds of these large trees. A few trees in these
larger size classes have been killed during
sumrer burns when hotspots are nmore likely to
occur.
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Bi enni al sumer burning was added to the
study to provide a conparison wth annual sumer
burning in a study of the survival of the root
systems of four hardwood species. Individua
trees were observed repeatedly to determne the
nunber of annual or biennial summer burns
required to kill their root systems. Wth
annual sunmer burning (fig. 5A), nortality was
fairly rapid for sweetgum and waxnyrtle, nearly
100 percent within 8 years. Oaks and blackgum
were more difficult to kill with annual summer
fires. Biennial sunmer burning (fig. 5B) was
less effective in killing root systenms of al
species tested. After 26 years (13 burns),
nortality among the oak species remained |ess
than 50 percent. Wth biennial burning, root
systems have an entire growng season to
recover.  Apparently, that time is sufficient
for carbohydrate reserves to accumulate enough
to allow some resistance to fire.

Shrubs have al so been affected by season and
frequency of burning (fig. 6). Shrub density
was increased by both periodic burning treat-
ments due to increased sprouting of waxnyrtle
and pepperbush.  Shrubs are less resistant to
frequent  burning than understory hardwoods.

Only a few stens of blueberry and sumac remain
in plots burned annually in summer.

Total crown coverage for all types of
understory plants is shown for each treatnent in
figure 7. Control plots are covered nostly by
shrubs wth sone grasses, vines, and hardwoods.
Total coverage is increased by periodic burns
due to increased sprouting of hardwoods after
wi nter and sunmer burns and increased abundance
of vines after wnter burns. Total coverage
after annual wnter burns is simlar to that in
control plots, but species conposition has
changed.  Burning has greatly reduced the shrub
component, which has been replaced by grasses
and forbs. After biennial sunmer burns
coverage by shrubs, vines, and hardwoods is
simlar to that after annual wnter burns
However, grasses and forbs are nore conmon,
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Figure 6.--Nunber of shrubs by species and
treatnent after 30 years of prescribed
bur ni ng.
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Figure 7.--Percent crown coverage of all
understory plants less than 1.5 mtall
after 30 years of prescribed burning.
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providing an increase in total coverage. In
annual sunmer burn plots, alnmost all of the
shrubs, vines, and hardwoods that were dom nant
in 1946 have been replaced by grasses and
forbs.

Soi|l Properties

Fear of soil damage resulting from con-
sunption of the forest litter layer has |ong
been a concern of foresters. However, evidence
indi cates that lowintensity prescribed burns
do not adversely affect soils. Ralston and
Hatchel | (1971) concluded that |arge changes in
soi | physical properties can only be expected
fromwldfires of high intensity. Lowintensity
prescribed burns |eave a protective mat of
unburned litter on the forest floor. This mat
reduces raindrop inmpact and mninizes soi
erosion and plugging of soil macropores.

MKee (1982)studied effects of repeated
prescribed burning on several soil properties in
the Santee fire plots. The various burning
treatments caused significant changes to the
amount of organic matter in the forest floor and
top 10 cm of mneral floor (fig. 8).Al burning
treatments reduced the depth of the litter
| ayer, thus significantly reducing the anount of
organic matter on the forest floor. In the top
10 cm of mneral soil, a different pattern was
observed.  Periodic winter or sunmmer burns had
little effect on soil organic mtter content.

Al though not statistically different, average
soil organic matter |evels were higher on plots
burned annually in w nter and sunmer than those
on control plots. Probable causes are a greater
abundance of fibrous-rooted grasses and forbs on
frequently burned plots (fig. 7),plus

accunul at1on of charred naterial in the soi
profile.

Total nitrogen content of the forest floor
was significantly reduced by all burning
treatnments due to reduced accunulation of litter
(fig. 9). However, nitrogen content of mnera

12
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soil was not reduced by periodic burning and was
increased slightly by annual burning in wnter
or sumrer. Wells (1971) showed nitrogen | osses
of 112 kg per ha through volatilization during
prescribed fires. However, nitrogen was quickly
replaced in the soil through nitrogen fixation.
Annual burning allows establishnent of

herbaceous |egumnous plants, which have nodul es
on their roots containing nitrogen-fixing
species of Rhizobium bacteria. Fixed nitrogen

20r
:I Forest Floor
| Mineral Soil
16 0-10 ¢m
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8 S
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~ 0
[72]
pom |
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3 L
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l 3

Control ! Periodic Perigdic Annual Annual
Winter Summer Winter Summer

Burning Treatment
Figure 10. --Total phosphorus in the forest
floor and available phosphorus in the top

10 cm of mineral soil after 30years of
prescribed  burning.
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becones incorporated into the top layer of soil
thus inproving soil fertility. Jorgensen and
Vel ls (1971) noted that annual winter and sunmmer
burning al so appeared to increase nitrogen
fixation by nonsymbiotic bacteriaﬁg'Nunbers of
waxmyrtle, which has a symbiotic relationship
with a nitrogen-fixing actinonycete (Frankia),
were increased by periodic burning in sumrer or
winter (fig. 6), but nitrogen content of the
mneral soil was unchanged.

Al'l burning treatnents reduced tota
phosphorus content of the forest floor (fig. 10)
but increased avail abl e phosphbrus content in

the top 10 cm of mneral soil. This finding is
significant  for  phosphorus-deficient Coasta
Plain soils. Increases in available soi

phosphorus created by frequent burning may
increase vigor and growh of crop trees.

[ Forest Floor

250 EZIMineral Soil
0-10cm
}‘
200 [
©
< 1t 1 1l g
c\w 150 |-
X
A
i 100
[~}
(&
50
o bt : R X v OO ) X
Control Periodic Periodic Annual Annual
Winter Summer Winter Summer

Burning  Treatment

Figure 11. --Exchangeable calcium in the
forest floor and mneral soil after 30

years of prescribed burning

Burning did not change the cal ci um content

in the combined forest floor and top 10 cm of
mneral soil (fig. 11). However, there was a
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transfer of calcium from the forest floor to the
mneral soil. Calcium is imobilized in the
forest floor and is nade available to plants
slowy through mineralization reactions.

Burning rapidly releases calciumfromthe forest
floor, allowng it to leach into the minera

soi|l and become nore available for plant
nutrition.

MKee (1982)studied effects of prescribed
burning on other nutrients such as magnesi um and
pot assi um In all cases, prescribed burning had
no adverse effects on nutrient contents of soils
in the Santee fire plots. Wth sone treatnents,
particularly annual burning, soil fertility was
i ncreased. The litter layer was partially
renoved by all burning treatments, but never
entirely. Even though an unknown quantity of
nutrients was lost to the atmosphere during
burning, the major effects of fire were
apparently a stinulation of nitrogen fixation
and a redistribution of nutrients fromthe
understory and forest floor to mneral soil.

Tree G owth

Since nmany variables control tree growh,
results of different studies on the effects of
prescribed burning on growth are often con-
flicting. In general, fire is not recomended
where pines are less than 3,5mtall. Shorter
trees are susceptible to needle scorch and stem
damage, which can retard growth or kill the
tree. As pines becone taller, their buds and
needl es are protected fromthe heat of the fire
and their bark is generally thick enough to
insulate the stem If prescribed fires contro
conpeting understory plants or inprove soi
fertility, growh rates of overstory pines may
be increased.

The Santee fire plots were designed to study

effects on understory vegetation with little
consideration to tree growh. Detailed records
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of the nunber and size of trees were not kept
throughout the d1-year history of the study.
Because of the unique long-term nature of the
study, efforts were begun in 1984to exam ne
tree growh rates in relation to burning treat-
ments. If repeated prescribed burning affected
growh rates, changes should be visible in tree
growth rings. Increment cores (cylindrica
sections drilled from tree stems) were extracted
at Dbreast height from all trees in all plots.
Estimates of stem dianeters in past years were
determ ned by subtracting the wdth of each
annual growth ring (measured from increnent
cores) from the present dianeter of the tree.
Estimates of dianeters were used to calculate
stand basal area (a measure of stand density
defined as the sum of the cross-sectional area
of all trees at 137 m above ground).

Basal area per hectare for each burning treat-
ment throughout the study is shown in figure 12.
As tree stems grow, stand basal area increases
until one or nore trees die. Since records of
tree nortality were not kept, figure 12 represents

28
26 r
24

22

Basal Area {(m%/ha)
3

10 ! 1 I
(] 10 20 30 40

Years Since Study Establishment

Figure 12. --Cunulative basal area of trees

surviving from 1946 through 1984 by
burning treatment.
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the basal area of only those trees that survived
until 1984. Differences in the height of these
curves represent differences in nunbers and sizes
of trees in treatnent plots today. Differences in
tree sizes and nunbers are due to chance plot
selection rather than treatnent effects. If
burning treatnents alter tree growth rates, the
effect would be shown as differences in the slopes
of these curves rather than as differences in the
relative heights.

All curves in figure 12 are generally paral-
lel, indicating that burning has not affected
diameter growth rates. Wen growh rates were
subjected to analysis of variance, the statisti-
cal test indicated that the differences between
treatments were not significant. Therefore, none
of the burning treatments increased or decreased
rates of dianmeter growth on overstory pines of
the Santee fire plots.

Hei ght growth was studied with a standard
stemanalysis procedure on felled sanple trees.
This procedure provides estimtes of height
growt h during each year of a tree's life. Mean
tree height for each treatment throughout the
lives of these stands is shown in figure 13.
Curves are very close together, indicating that
trees in various treatment plots have had
simlar height growth patterns. During the past
years, trees in annual winter and summer burn
pl ots appear to have slightly reduced rates of
growth.  These differences were not significant
however, when conpared by analysis of variance.

The lack of statistically significant
differences in dianeter and height growh was
unexpect ed. W expected that control of com
peting vegetation and increased soil fertility
resulting from prescribed burning would inprove
grov%h rates. However, overstory pines averaged

0 years old at the beginning of the study and
were probably too old to respond by the time
these site changes reached significant [evels.
Even though MKee (1982)showed increases in
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Figure 13. --Mean height of sanpled trees
by burning treatnent from 1905 through
1984,

phosphorus and cal ciumavailability, no fer-
tilization studies in the Coastal Plain have
shown positive responses to these elements in
trees of this age. In addition, soil noisture
israrely limting to pine growh on these
poorly drained Coastal Plain sites, even when
conpeting vegetation is not controlled.

Concl usi ons

The Santee fire plots provide an unusua
opportunity to observe changes to a southern
pi ne forest ecosystem caused by repeated pre-
scribed burning over a span of over four
decades.  These study plots show that prescribed
burning can effectively control understory
veget ation. The degree of control is dependent
upon the season and frequency of burning and the
size and species of vegetation. Understory
har dwoods over 10 to 15 cmd.b.h. were not
severely damaged by lowintensity burns and
therefore cannot be controlled by Ilowintensity
burning, even on an annual basis. Cccasional




hotspots, particularly during sumer burns,
killed a few of these |arge hardwoods. Nunber
of stems 5to 10 cmd.b.h. was dramatically
reduced by all burning treatments. Stens of
this size were susceptible to top-kill, and
burning was frequent enough to prevent sprout
growh into this size class. Because of
sprouting fromsurviving rootstocks, nunber of
hardwood stems |ess than 2.5 cmd.b.h. was
increased by all burning treatnents except
annual sunmer burning. Annual summer burning
eventually killed roots of all understory

har dwoods, |eaving only grasses and forbs on the
forest floor. The roots of oaks had | ower
mortality rates than those of other understory
species --a conpetitive advantage under a reginme
of frequent burning

Removal of understory vegetation by
prescribed fires, particularly annual burning
is of practical significance. These fires
create stands that have an open "parklike"
appear ance. Wthout the dense brush, which is
typical of wunburned stands of the Southeast,
forests are nore accessible to people, wldlife,
and equipment. Costs of cultural treatments to
the stand, such as fertilization and thinning
are reduced, large animals are nore free to nove
within the stand, and woody stens are replaced
by more palatable forbs and succulent sprouts.
Since pine seedlings have reduced conpetition
for growing space, the chances for pine regen-
eration after harvest are inproved. The
greatest benefit of controlling understory

vegetation is probably protection fromwldfire
by reducing fuel concentrations. If a wldfire

shoul d occur, its intensity woul d be much | ower
in an area that was frequently burned than in an
area with a heavy fuel load. As a result, there
is less damage to forest resources and fire
suppression is easier

Even though the Santee fire plots have been
burned many times, no adverse changes to the
chem cal or physical properties of these sand
and silt |oam Coastal Plain soils have been

20
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observed. Soi | productivity may have been
improved by increases in available phosphorus
exchangeable calcium and organic mtter in the
mneral soil. Increased phosphorus availability
is particularly inportant because nmost Coasta
Plain soils are deficient in phosphorus. Tota
nitrogen in the soil was not reduced by

bur ni ng. It increased slightly after annua

wi nter and sumer burning due to increased
abundance of nitrogen-fixing legumes and forbs
Al'l burning treatments reduced the thickness of
the forest floor but rarely exposed minera

Soi | .

Limted records of the nunber and size of
overstory pines on each plot over the duration
of the study made an analysis of the effects of
prescribed burning on tree growh difficult.
Increment core and stem analysis of trees Iliving
in 1984showed no significant changes in diam
eter or height growth that could be attributed
to prescribed burning. This result was sonewhat
unexpect ed because reduced conpetition from
understory vegetation and increased soil fer-
tility should enhance growth. However, these
changes occurred gradually over time. Since the
overstory pines were approximately 40 years old
when the study began, they may have been too
old to benefit by the time these site changes
reached significant levels. Athough pine
growth was not increased by burning, the fact
that growth rates were not decreased is quite
i mport ant. Several studies have shown retarded
growth rates in young stands when fires were of
sufficient intensity to scorch needles or danmage
stems.  The chance of this occurring on the
Santee fire plots was high because of the large
nunber of fires conducted, particularly during
the early years of the study when understory
vegetation provided abundant fuels. Wen fires
are conducted with proper care, damge to the
stand can be avoided. Careful burning allows
the forest mnager to achieve many benefits at
mniml cost
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The Forest Service, U.S. Department of
Agriculture, is dedicated to the principle of
multiple  use management of the Nation's forest resources
for sustained vyields of wood, water, forage, wildlife, and
recreation.  Through forestry research, cooperation with the
States and private forest owners, and management of the
National Forests and National Grasslands, it strives-as
directed by Congress-to  provide increasingly — greater
service to a growing Nation.

USDA policy prohibits discrimination  because of race,
color, national origin, sex, age, religion, or handicapping
condition. Any person who believes he or she has been
discriminated against in any USDA-related activity should
immediately contact the Secretary of Agriculture,
Washington, DC  20250.




